In the present study, intestinal tight junctions (TJs) and Kupffer cell polarization were investigated in an alcoholic steatohepatitis (ASH) mouse model to uncover the potential side effects of overexposure to fish oil or omega-3 fatty acids. The mice were fed ad libitum with a liquid diet containing ethanol and fish oil. In the meantime, ethanol was given every 5-7 days by gavage to simulate binge drinking. After the 7 th binge, steatosis, necrosis, inflammatory infiltration, and bridging fibrosis were observed in the liver by histological staining. After the 13 th binge, the inducers, markers and other downstream genes/proteins of the Kupffer cell M1/M2 phenotype in the liver, serum, and small intestine were analysed. The results suggested that a chronic high dosage of fish oil alone reduced the mRNA levels of most genes tested and showed a tendency to damage the intestinal zonula occludens-1 localization and reduce the number of M2 Kupffer cells. Meanwhile, the combination of fish oil and ethanol damaged the intestinal TJs, resulting in an increased endotoxin level in the liver. Gut-derived endotoxin polarized Kupffer cells to the M1 phenotype, whereas the number of cells with the M2 phenotype (markers: CD163 and CD206) was decreased. Interleukin-4 (IL-4), an M2 Kupffer cell inducer, was also decreased. Moreover, in vitro experiments showed that IL-4 reversed eicosapentaenoic acid-induced CD163 and CD206 mRNA suppression in RAW 264.7 cells. Overall, our results showed that a chronic high dosage of fish oil exacerbated gut-liver axis injury in alcoholic liver disease in mice, and endotoxin/IL-4-induced Kupffer cell polarization imbalance might play an important role in that process. † Electronic supplementary information (ESI) available. See
Introduction
Alcoholic liver disease (ALD) is a worldwide public health issue affecting millions of people every year. 1, 2 In the past few decades, fish oil has attracted considerable attention as a potential therapeutic candidate against complications of ALD and other liver diseases. 3, 4 Interestingly, the effect of dietary fish oil on experimental ALD is inconsistent; 5 large amounts demonstrated damaging effects, 6 but small quantities might show protective effects. 7 As an FDA-approved supplement for the treatment of hypertriglyceridemia, fish oil has been touted for various health benefits. However, fish oil does have side effects, such as the risk of increased bleeding 8 and immunosuppression. 9 Thus, we need to consider its side effects before using it to treat alcohol-related liver diseases.
Fish oil is rich in ω-3 fatty acids, including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 9 The beneficial effects of fish oil are mainly attributed to the antiinflammatory properties of these ω-3 fatty acids. 8 Kupffer cells, endogenous macrophages of the liver, can modulate hepatic inflammation. The activation of Kupffer cells is one of the key components in the complex network of processes leading to the development of alcoholic liver disease. 10 We have many chances to be exposed to fish oil and alcohol simultaneously in daily life. However, little is known about the relationship between fish oil and Kupffer cell activation in ALD.
There are two polarized phenotypes of activated Kupffer cells: the pro-inflammatory M1 phenotype (classical activation) and the alternative M2 phenotype (alternative activation). 10 In the case of chronic alcohol-induced inflammation, M1 and M2 macrophages co-exist and maintain inflammatory states. M1 macrophages express high levels of inflammatory cytokines and chemokines as well as enzymes involved in the generation of reactive oxygen species. On the other hand, M2 macrophages express lower levels of inflammatory mediators but high levels of scavenger, mannose, and galactose receptors. 11 The influences that favour the M1 phenotype and limit the M2 phenotype aggravate ALD. 12 Liver injury from alcohol has many components, including intrahepatic events and extrahepatic stimuli, which can act separately or in concert to bring about an interplay between different functional cell types in the gut-liver axis, i.e., hepatocytes, Kupffer cells, stellate cells, neutrophils, and intestinal epithelial cells. 13 Here, we focused on Kupffer cells and intestinal epithelial cells.
According to the 'two-hit' or 'multiple-hit' hypothesis, ethanol-induced hepatic steatosis sensitizes the liver to injury caused by a second insult. 14 Either fish oil or binge drinking can serve as the second "hit" on the background of chronic ethanol consumption. 15, 16 In the present study, a combination of fish oil and chronic alcohol plus repeated binge drinking was given to mice for 13 weeks to establish a new steatohepatitis model. The small intestine tight junctions (TJs) and Kupffer cell polarization were investigated in this alcoholic steatohepatitis (ASH) mouse model. Our results showed that an overdose of fish oil exacerbated gut-liver axis injury in alcoholic liver disease in mice, and Kupffer cell polarization imbalance induced by endotoxin/ interleukin-4 (IL-4) might play an important role in that process.
Materials and methods

Reagents
The following reagents were used: mouse monoclonal antioccludin antibody, Alexa Fluor 488-conjugated anti-mouse IgG, and Alexa Fluor 546-conjugated anti-rabbit IgG (Thermo Fisher Scientific, Waltham, MA, USA); rat monoclonal anti-F4/80 antibody and rabbit polyclonal anti-zonula occludens-1 (ZO-1) antibody (Abcam, Cambridge, Cambs, UK); goat polyclonal anti-CD163 antibody and rabbit polyclonal anti-CD206 antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA); recombinant mouse interleukin-4/IL-4 (ProSpec-Tany TechnoGene Ltd, Ness Ziona, Israel); aspartate aminotransferase (AST) assay kit (Beijing Leadman Biochemistry Co. Ltd, Beijing, China); alanine aminotransferase (ALT), triglycerides (TG), cholesterol, high-density lipoprotein (HDL), and low-density lipoprotein (LDL) assay kits (Ningbo Medical System Biotechnology Co. Ltd, Ningbo, Zhejiang, China); Mineral Mixes (#210011) and Vitamin Mixes (#310011) (Dyets, Inc., Bethlehem, PA, USA). The standard solid diet ( 60 Co mouse and rat maintenance feed, #1025) was purchased from Beijing HFK Bioscience Co., Ltd (Beijing, China). Fish oil (EPA1 T1600MEG-3™ Fish Oil, 20% EPA, 13% DHA, 41% total ω-3) was purchased from Ocean Nutrition Canada Limited (Halifax, Nova Scotia, Canada). Olive oil was purchased from Kerry Food Marketing Co., Ltd (Shanghai, China) and had the following composition per 100 g: fat 100.0 g (saturated fat, 15 g; monounsaturated fat, 78.0 g; polyunsaturated fat, 7.0 g). Corn oil was purchased from COFCO Donghai Grain and Oil Industry (Zhangjiagang) Co., Ltd (Zhangjiagang, Jiangsu, China) and had the following composition per 100 g: fat 99.9 g (linoleic acid, 34.0-65.6 g; phytosterol, 0.6-1.1 g); vitamin E, 20 mg α-TE. Safflower oil was purchased from OFCO Tayuan Safflower (Xinjiang) Co., Ltd (Tacheng, Xinjiang, China) and had the following composition per 100 g: fat 99.9 g (saturated fat, 11.0 g; monounsaturated fat, 10.9 g; polyunsaturated fat, 78.0 g); vitamin E, 30 mg α-TE.
Animal models
Six-week-old male Kunming mice were used. All experiments followed the WHO guidance on humane care and use of laboratory animals. The protocols were approved by the Committee on the Ethics of Animal Experiments of the South-Central University for Nationalities, China (Permit number: 2014-SCUEC-AEC-001). The animals were allowed free access to a standard solid diet and water and were maintained on a 12 h/12 h light/dark cycle at a controlled temperature (20 to 25°C) and relative humidity of 50 ± 5% for one week before the study. The classic Lieber-DeCarli model experiment (we call it the "normal oil experiment") was performed for comparison with the fish oil plus chronic-binge ethanol exposure model experiment (we call it the "fish oil experiment"). There were three groups in the normal oil experiment and another three groups in the fish oil experiment. The animal experiment protocol is shown in Fig. 1 . The mice in the normal control, the pair-fed control, and the ethanol group were given a standard solid diet and water, a pair-fed control diet, and an ethanol liquid diet, respectively. The pair-fed diet contained the same ingredients as the ethanol liquid diet except that maltodextrin was isocalorically substituted for ethanol. 17 Each mouse was housed in an individual cage and allowed ad libitum access to the diet. The Lieber-DeCarli diet formulation was adopted from ref. 17 without modification and is listed in Table S1 . † In the Lieber-DeCarli model experiment, the ethanol content was chosen according to our previous study. 18 Briefly, the ethanol content began at 2.5% and was increased in a stepwise manner by 0.5% every 2 days until the end of the first week, and then by 0.5% every 4 days until 5% was achieved. This level was maintained until the end of the experiment (8 weeks). Hepatic steatosis reached the highest level at the 8 th week and was not aggravated any further thereafter. 18, 19 Thus, at the end of the 8 th week, the mice in the normal oil experiment were sacrificed for subsequent testing.
As shown in Table S1 , † in the fish oil experiment, the plant oil in the Lieber-DeCarli diet was replaced with fish oil, and cholesterol and sodium cholate were added to the new liquid diet preparation. The ethanol content began at 2.5% and was increased in a stepwise manner 0.5% every 2 days until the end of the first week, and then by 0.5% every 4 days until 5% was reached. This level was maintained until the end of the experiment. In addition, ethanol was given every 5-7 days by gavage (the dose began at 4 g kg −1 and increased stepwise until 8 g kg −1 was achieved) to simulate binge drinking. On rare occasions after binges, a few animals were hypothermic. These animals were sacrificed to check the liver histopathology as follows: one each after the 4 th , 7 th , 11 th , and 12 th binges, and two after the 8 th binge. The other mice in the fish oil experiment were sacrificed in the 13 th week (4 h after the last binge) for subsequent testing.
Blood collection and biochemical analysis
After collecting blood from the mice by removing the eyeball, we allowed the blood to clot, leaving it undisturbed at 4°C for 4 h, and then removed the clots by centrifuging the blood at 2000g for 10 min. The resulting supernatant serum was collected and stored at −80°C until the analysis. The serum concentrations of TG, cholesterol, HDL, and LDL and activities of ALT and AST were measured using commercially available kits according to the manufacturer's instructions. Adiponectin plasma level measurements were assayed by enzyme-linked immunosorbent assay (ELISA) using a commercially available kit (MultiSciences Biotech Co., Ltd, Hangzhou, Zhejiang, China). Each sample was analysed in duplicate.
Histologic assay
The liver and intestinal tissues were fixed in 10% buffered formalin and then embedded in paraffin. Three-micrometre-thick liver sections were stained with haematoxylin and eosin (HE) or Masson's trichrome and then studied by light microscopy. Histological grading scores were determined according to the scheme given by Kleiner et al. 20 The liver injury score was the sum of the steatosis, necrosis, inflammation, and fibrosis scores. Liver sections from every animal were stained with HE and Masson's trichrome, and five animals per group were chosen randomly for the following immunohistochemical analyses.
One-micrometre-thick liver sections were blocked in 10% goat serum and rabbit serum and then incubated in goat polyclonal anti-CD163 (1 : 100 dilution) and rabbit polyclonal anti-CD206 primary antibodies (1 : 100 dilution) overnight at 4°C. This step was followed by incubation for 40 min with Alexa Fluor 488-conjugated anti-goat IgG (1 : 500 dilution) and Alexa Fluor 546-conjugated anti-rabbit IgG secondary antibodies (1 : 500 dilution). The plates were sealed using DAPI (Electron Microscopy Science, Hatfield, PA, USA). Finally, the immunofluorescence quantification was performed on an inverted fluorescence microscope. Moreover, an F4/80 immunofluorescence assay was also performed on the liver sections.
For immunofluorescence examination of intestinal sections, anti-occludin antibody, anti-ZO-1 antibody, and DAPI were added to 1 μm-thick intestinal sections.
Measurement of liver endotoxin levels
Liver tissue samples (0.1 g) were homogenized in 0.9 mL of ice-cold PBS ( pH 7.2), and then centrifuged at 2000g for 20 min. The endotoxin in the supernatant was measured using an ELISA kit (X-Y Biotechnology, Shanghai, China) according to the manufacturer's instructions.
Cell culture
The murine macrophage cell line RAW 264.7 (China Center for Type Culture Collection, Wuhan, Hubei, China) was cultured in DMEM with 10% foetal bovine serum (Sijiqing Biological Engineering Materials Co., Ltd, Hangzhou, Zhejiang, China), 100 units per mL streptomycin, and 100 μg per mL penicillin at 37°C under a humidified 5% CO 2 atmosphere. Prior to the experiments, the cells were incubated overnight with serumfree DMEM. After EPA and/or IL-4 treatment for 4 h, the cells were washed twice with ice-cold PBS and lysed using RNAiso Plus (TaKaRa Bio, Dalian, Liaoning, China).
Real-time reverse transcription PCR (RT-PCR) assay
Total RNA was extracted from the RAW 264.7 cells or stored frozen liver tissues using RNAiso Plus according to the manufacturer's instructions. The isolated RNA was converted into complementary DNA using the Advantage® RT-for-PCR Kit (TaKaRa Bio, Dalian, Liaoning, China). Real-time RT-PCR was performed on the Thermal Cycler Dice TP800 system (TaKaRa Bio, Otsu, Shiga Prefecture, Japan) using SYBR Premix Ex Taq II (TaKaRa Bio, Dalian, Liaoning, China) with 30-40 cycles of denaturation at 95°C for 5 s, annealing and extension at 60°C for 30 s. GAPDH was used as an internal standard. The mRNA expression levels of the target genes were normalized to that of Fig. 1 Scheme of the animal experiment protocol. In the normal oil experiment, three groups of male Kunming mice were given ad libitum access to a standard solid diet and water or ethanol liquid diet (ethanol+) or pair-fed control diet for 8 weeks. In the fish oil experiment, three groups of male Kunming mice were given ad libitum access to a standard solid diet and water or ethanol liquid diet or pair-fed control diet for 13 weeks. In the meantime, the binge drinking was given every 5-7 days by gavage. On one occasion after the binge, very few animals were found seriously intoxicated with hypothermia. These animals were sacrificed to check the liver histopathology.
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GAPDH. The sequences of both forward and reverse primers are listed in Table 1 . The inducers, markers and other downstream inflammation-or fibrosis-associated genes of M1/ M2 macrophage polarization in the liver were evaluated in the present study.
Statistical analysis
The values are expressed as the mean ± standard deviation (SD). Statistical analysis was performed using one-way analysis of variance (ANOVA) with Dunnett's multiple comparison test (in vitro experiment) or an unpaired Student's t-test (in vivo experiments). The analyses were performed using SPSS software (version 16.0, SPSS Inc., Chicago, IL). p < 0.05 was considered statistically significant. The optical histological results were obtained from at least 3 independent experiments, and the analysis was carried out with triplicate samples.
Results
Fish oil plus ethanol exposure induced ASH in mice
In the fish oil experiment, the serum ALT activity of the ethanol group was significantly increased compared to that of the pair-fed group ( Table 2 ). An elevated serum ALT level is a reliable primary indicator for ALD and is the most commonly used ALD marker in clinical practice. The body weight was measured weekly. There was no significant difference between the ethanol group and the pair-fed group. The livers of the mice in the ethanol group were heavier (hepatomegaly, the condition of having an enlarged liver) than those of the pairfed group. However, the epididymal fat deposits of the ethanol group were lighter than those of the pair-fed group. In the normal oil experiment, the parameters mentioned above showed no significant difference between the groups (Table S2 †) .
Histologically, ASH is characterized by significant steatosis, intense neutrophilic and lymphocytic infiltration, and chronic fibrotic changes that may include pericellular, perisinusoidal, or bridging fibrosis. 21 In the fish oil experiment, as shown in Fig. 2 , mild steatosis (vacuolation) was evident on HE staining after the 4 th binge. Neither fibrosis nor inflammatory infiltration was observed in the Masson's trichrome stained liver section. After the 7 th binge, the steatosis was more serious, accompanied by mild inflammatory cell infiltration and bridge fibrosis. Moreover, inflammatory infiltration was obvious after the 8 th binge. After the 13 th binge, the steatosis, inflammatory infiltration, and fibrosis became even more severe. Fibrosis was observed in 7 of 8 mice. Considering all animals, fibrosis was observed in 12 of 14 mice. Therefore, the incidence rate was 85.7%. The mRNA expression level of TGFβ-1, a critical pro-inflammatory cytokine that activates fibrosis, was 
Gene
Forward primer (5′ to 3′) Reverse primer (5′ to 3′)
TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG 
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increased in the present study. c-Myc is a new potential marker for liver fibrosis and ALD, 22,23 whose mRNA expression level was also elevated in the present study ( Fig. 3 ). In the Lieber-DeCarli model experiment, as in our previous study, only steatosis was obvious. 18 
The mRNA expression of inflammation-and fibrosisassociated genes in the liver
TNF-α, IL-1β, MCP-1, Cxcl1, IL-6, IL-10, CD68, CD163, CD206, arginase 1, Ly-6G, and F4/80 are common genes directly associated with inflammation in ALD. Their mRNA levels are shown in Fig. 3 . In the fish oil experiment, compared with the mRNA expression of genes in the pair-fed group, TNF-α, IL-1β, IL-6, CD68, CD206, and arginase 1 in the ethanol group did not change significantly. In comparison, the mRNA levels of Ly-6G, MCP-1, IL-10, and F4/80 were increased, while CD163 and Cxcl1 mRNA levels decreased. TGF-β1, Smad2, Smad4, Collα1, and c-myc are common genes directly associated with fibrosis in ALD. In the fish oil experiment, compared with the mRNA levels of genes in the pair-fed group, TGF-β1 and c-myc were increased, whereas Smad2, Smad4 and Collα1 did not change significantly. Compared with the solid diet, the fish oil alone significantly reduced the mRNA levels of most of the abovementioned genes.
Hepatic endotoxin levels were upregulated by fish oil plus ethanol exposure
As shown in Fig. 4 , compared with the solid diet group, the fish oil pair-fed group tended to have elevated hepatic endotoxin levels. In addition, the hepatic endotoxin level in the ethanol group was significantly increased compared to that of the pair-fed group. However, there was no significant difference in any of the three groups in the normal oil diet experiment. Histological grading scores were determined according to the scheme given by Kleiner et al. 20 Liver injury score was the sum of steatosis, necrosis, inflammation, and fibrosis scores. n = 6, 1, 1, 2, and 8 for the pair-fed, the 4 th , 7 th , 8 th , and the 13 th binges, respectively. Scale bar, 100 μm.
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Gut-derived endotoxin translocation was caused by intestinal barrier damage
The rise in the endotoxin level indicated that the permeability of the gut might be abnormally increased by fish oil plus ethanol exposure; therefore, we performed morphological analysis of the intestinal TJ proteins. Occludin and ZO-1 are two of the hallmark TJ proteins. 24, 25 The changes in their intracellular location affect barrier function and intestinal permeability. Fig. 5 shows fluorescence micrographs of occludin and ZO-1 in the small intestine. The occludin staining signal was the same between three groups. ZO-1 was predominantly localized along the apical membranes of intestinal villi in the control mice. In contrast, a significant reduction in ZO-1 immunostaining was observed along the apical membranes of intestinal villi in the ethanol-treated mice. This trend was also found in the pair-fed mice, although to a lesser extent.
Kupffer cell polarization imbalance departed from the M2 phenotype
F4/80 in the liver was reported as a marker of M1 Kupffer cells in ASH. 26 As shown in Fig. 6A , the expression of F4/80 was limited to hepatic sinusoids. The fish oil plus ethanol exposure upregulated the expression of F4/80 compared to that in the pair-fed group. 
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Previous research reported that the liver sinusoids in ALD were abundantly populated with CD163-expressing M2 Kupffer cells. 27 However, according to the low expression of CD163 mRNA, the M2 population was very low after fish oil plus ethanol exposure in the present study. As accumulating evidence showed that both the favouring M1 phenotype and the limiting M2 phenotype worsen the ALD outcome, 12 the surface markers of the M2 phenotype (Mannose receptor CD206 and scavenger receptor CD163) were detected to further distinguish M1 from M2. 28 As with the location of F4/80 mentioned above, the expressions of CD163 and CD206 were also limited to the hepatic sinusoids (Fig. 6B ). The fish oil plus ethanol exposure downregulated the expression of both CD163 and CD206, compared to the levels in the pair-fed group. Compared with the solid diet, the fish oil alone slightly reduced the expressions of F4/80, CD163, and CD206.
Expressions of interleukin-4 (IL-4) and adiponectin
There are different stimuli for M1 and M2 macrophages. IFN-γ and endotoxin orient the macrophage function towards the M1 phenotype, whereas IL-4 and IL-13 activate the M2 phenotype. 29 The IFN-γ, IL-4, and IL-13 mRNA levels in the liver during the fish oil experiment were analysed by the RT-PCR method. The IFN-γ mRNA level in the ethanol group did not differ from that of the pair-fed group (Fig. 3) . However, the IL-4 mRNA level was downregulated by the combination of fish oil and ethanol. Although several primers were tried, IL-13 mRNA was undetectable. In addition to the stimuli mentioned above, adiponectin was recently reported to shift Kupffer cell polariz-ation to the M2 phenotype. 29 Fat tissue is the main source of adiponectin, and fish oil induced epididymal fat accumulation. Thus, the blood adiponectin was evaluated. Fish oil alone increased the blood adiponectin concentration (Fig. S1 †) . In addition, ethanol alone also upregulated the blood adiponectin concentration in the Lieber-DeCarli model experiment. Thus, although the combination of fish oil and ethanol reduced epididymal fat accumulation, the serum adiponectin level did not decrease correspondingly.
3.7. IL-4 reversed EPA-induced CD163 and CD206 mRNA suppression in RAW 264.7 cells EPA decreased CD163 and CD206 mRNA expressions in RAW 264.7 cells in a dose-dependent manner (Fig. 7) . However, IL-4 treatment significantly attenuated that decrease.
Discussion
In addition to steatosis induced by normal oil plus ethanol in the Lieber-DeCarli model, typical features of severe ASH, including the elevation of ALT, inflammatory infiltration, and even more progressive liver disease such as bridge fibrosis, were reproduced by fish oil plus chronic-binge ethanol exposure in the fish oil model.
The Kupffer cell is a critical liver-specific resident immune cell. Endotoxin is a potent activator of Kupffer cells, stimulating the production of inflammatory and fibrogenic cytokines. 30 Chronic ethanol also increases the sensitivity of Kupffer cells to activation by endotoxin. 31 The fish oil plus ethanol exposure impaired the intestinal barrier, increasing the hepatic endotoxin level, which in turn polarized Kupffer cells to the M1 phenotype.
As a marker of M1 Kupffer cells in ASH, 26 F4/80 upregulation indicated Kupffer cell activation/polarization in the 
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Toxicol. Res., 2017, 6, 611-620 | 617 present study. A previous study reported that, in alcoholic hepatitis, the macrophages in the liver included both M1 and M2. 27 M2 macrophages may be protective at the early stages of ALD via the induction of M1 macrophage death and hepatocyte senescence. However, according to the low expressions of CD163 and CD206, the M2 population was very low after fish oil plus ethanol exposure in the present study. Fish oil is rich in EPA. EPA decreased the CD163 and CD206 mRNA expressions in RAW 264.7 cells. Thus, EPA could be the component responsible for the side effects of fish oil in the current study. As one of the stimuli of M2 macrophages, IL-4 was downregulated by the combination of fish oil and ethanol in mice. Furthermore, exogenous IL-4 reversed EPA-induced CD163 and CD206 mRNA suppression in RAW 264.7 cells. These results suggest that IL-4 downregulation might contribute to the low prevalence of the M2 phonotype. Adiponectin is another stimulus for M2 macrophages, and fish oil could change its expression. 32, 33 The fish oil alone upregulated the blood adiponectin concentration in the present study, and the increased epididymal fat might have contributed to it. Ethanol alone also upregulated the blood adiponectin concentration. However, compared with the pair-fed group, the combination of fish oil and ethanol could not change the blood adiponectin concentration further; the decreased epididymal fat might have contributed to it. To remove interference from other oils, fish oil was selected as the main source of fatty acids in the fish oil experiment. Thus, the dosage of ω-3 fatty acids in the present study is 3 times the dosage (ω-3 fatty acids, 6 g day −1 ) that lowers plasma TG by 50%-60% in patients 34 and 2-4 times the maximum recommended dosage (14 g day −1 ) of the ω-3 fish oil fat emulsion injection (27%-59% ω-3 fatty acids), a prescribed lipid parenteral nutrition source. However, in view of the absorption limit of high-dosage, 1 high-purity ω-3 fatty acid fish oil products easily available on the market, and other sources of ω-3 fatty acids in daily life, the disparity in the dose or plasma concentration between our experiment and real life may not be so large.
The current fish oil experiment lasted for approximately 90 days (13 weeks). According to the FDA "Studies to Evaluate the Safety of Residues of Veterinary Drugs in Human Food: Repeat-Dose (90-Day) Toxicity Testing VICH GL31 (2006)", "chronic" is defined as 90 days. However, the liver necrosis and fibrosis were obvious even at the 7 th week. According to the Chinese "Guidance for Repetitive Dose Toxicity Testing (2014)", 90 days in mice corresponds to 2 weeks-1 month in the clinic.
Although fish oil showed some benefits, i.e., reduced proinflammatory cytokine levels, it also affected haemostasis in the gut-liver axis. Thus, doctors and their alcoholic patients should weigh the advantages and disadvantages of fish oil and use it cautiously.
Conclusions
In summary, our data showed that a chronic high-dosage fish oil diet exacerbated ALD via induction of endotoxin transloca-tion and suppression of interleukin-4, followed by Kupffer cell M1-M2 polarization imbalance and cytokine imbalance.
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